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A method performs a diagnosis of a lambda sensor of a
“UEGO” type of an exhaust system for an internal-combus-
tion engine. The lambda sensor includes a series of pins. The
diagnosis method comprises steps of: heating the lambda
sensor to cause the lambda sensor to reach an inner tempera-
ture that is higher than about 600° C.; polarizing a first one of
the pins by connecting the first pin to a supply voltage through
a first limiting resistance; measuring a voltage of all of the
pins while the first pin is connected to the supply voltage; and
diagnosing a presence of a short circuit to an electrical ground
if the voltage of at least one of the pins is lower than a
predetermined threshold. A control unit performs the diagno-
sis.
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1
DIAGNOSIS METHOD AND CONTROL UNIT
FOR PERFORMING A DIAGNOSIS OF A
LAMBDA SENSOR OF THE UEGO TYPE OF
AN EXHAUST SYSTEM FOR AN INTERNAL
COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims priority to Italian
Patent Application BO02012A 000111 filed on Mar. 6, 2012.

BACKGROUND OF INVENTION

1. Field of Invention

The invention relates to, in general, a diagnosis method and
control unit for performing a diagnosis and, in particular, a
diagnosis of a lambda sensor of the “UEGO” type of an
exhaust system for an internal-combustion engine.

2. Description of Related Art

A lambda sensor of the “UEGO” (Universal Exhaust Gas
Oxygen) type (also known as “linear oxygen sensor”), which
provides a measurement of the oxygen content present in the
exhaust gases, is used in an exhaust system for an internal-
combustion engine.

The measurements provided by the lambda sensor of the
“UEGO” type are used by the engine-control unit for adjust-
ing the combustion in the cylinders of the internal-combus-
tion engines to minimize the generation of polluting sub-
stances. It is, thus, apparent that if, following a fault, the
lambda sensor of the “UEGO” type supplies incorrect mea-
surements of the oxygen content present in the exhaust gases
to the engine control, the engine control will incorrectly
adjust the combustion in the cylinders of the internal-com-
bustion engine, and, thus, an even very high increase of the
generation of polluting substances will occur. Therefore,
type-approval standards require to continuously diagnose the
correct operation ofthe lambda sensor of the “UEGO” type to
rapidly intervene with recovery strategies in case of malfunc-
tioning of the lambda sensor of the “UEGO” type.

Currently, the known diagnosis of a lambda sensor of the
“UEGO” type includes searching for the presence of a short
circuit to a battery, the presence of a short circuit to ground,
and the presence of an open (interrupted) circuit. However,
the known diagnosis of a lambda sensor of the “UEGO” type
allows the presence of a short circuit or of an open circuit to
be identified, but does not allow to fully discriminate which
type of fault is present and on which pin of the lambda sensor
of the “UEGO” type the fault occurred.

SUMMARY OF INVENTION

The invention overcomes the disadvantages in the related
art in a diagnosis method for performing a diagnosis of a
lambda sensor of a “UEGO” type of an exhaust system for an
internal-combustion engine. The lambda sensor includes a
series of pins. The diagnosis method comprises steps of:
heating the lambda sensor to cause the lambda sensor to reach
an inner temperature that is higher than about 600° C.; polar-
izing a first one of the pins by connecting the first pin to a
supply voltage through a first limiting resistance; measuring
a voltage of all of the pins while the first pin is connected to
the supply voltage; and diagnosing a presence of a short
circuit to an electrical ground if the voltage of at least one of
the pins is lower than a predetermined threshold.

The invention overcomes the disadvantages in the related
art also in a control unit for performing the diagnosis. The
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2

controlunit comprises a first switch that connects a first pin to
a supply voltage through a first limiting resistance. A second
switch connects the first pin to an electrical ground through a
second limiting resistance. Each of a series of third switches
connects each of the pins to the supply voltage through a third
limiting resistance. Each of a series of fourth switches con-
nects each of the pins to the electrical ground through a fourth
limiting resistance. Each of a series of reading devices is
permanently connected to a corresponding one of the pins and
reads the voltage present in the pin.

It is the object of the invention to provide a diagnosis
method and a control unit for performing a diagnosis of a
lambda sensor of the “UEGO” type of an exhaust system for
an internal-combustion engine, which diagnosis method and
control unit are easy and cost-effective to be implemented
while being free from the above-described drawbacks, thus
allowing, in case of a single fault, to accurately identify the
type of fault and the pin of the lambda sensor of the “UEGO”
type on which the fault occurred.

According to the invention, a diagnosis method and a con-
trol unit for performing a diagnosis of a lambda sensor of the
“UEGO” type of an exhaust system for an internal-combus-
tion engine are provided.

Other objects, features, and advantages of the invention are
readily appreciated as the invention becomes better under-
stood while a subsequent detailed description of embodi-
ments of the invention is read taken in conjunction with the
accompanying drawing thereof.

BRIEF DESCRIPTION OF EACH FIGURE OF
DRAWING OF INVENTION

FIG. 1 is a diagrammatic view with parts removed for
clarity of an exhaust system of an internal-combustion engine
provided with a lambda sensor of the “UEGO” type that is
diagnosed in accordance with the invention;

FIG. 2 is an electric diagram of the connections of the
lambda sensor of the “UEGO” type in FIG. 1 for performing
a diagnosis;

FIGS. 3-8 are time diagrams showing the driving modes for
some switches of the wiring diagram in FIG. 2 while perform-
ing the diagnosis; and

FIG. 9 is a block diagram that summarizes the various
diagnosis steps.

DETAILED DESCRIPTION OF EMBODIMENTS
OF INVENTION

In FIG. 1, an exhaust system of an internal-combustion
engine 2 is generally indicated at 1. The exhaust system 1
emits the gases produced by the combustion into the atmo-
sphere and includes an exhaust pipe 3 that departs from an
exhaust manifold 4 of the internal-combustion engine 2. A
lambda sensor 5 of the “UEGO” type (“Universal Exhaust
Gas Oxygen”) (also known as “linear oxygen sensor”) that
measures the oxygen content in the exhaust gases is arranged
along the exhaust pipe 3 and is connected to an electronic-
control unit 6 (“ECU”).

As shown in FIG. 2, the lambda sensor 5 of the “UEGO”
type includes a pin VS+, a pin VS/IP-, a pin [P+, and a pin
RCOMP, which are physically connected to the control unit 6
and are used by the control unit 6 to control the lambda sensor
5 of the “UEGO” type and, thus, to read the measurement of
the oxygen content in the exhaust gases.

The pin RCOMP of the lambda sensor 5 of the “UEGO”
type is connected to a compensation resistance integrated in
the lambda sensor 5 of the “UEGO” type. In use, the control
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unit 6 measures the value of the compensation resistance
through pin RCOMP and, therefore, establishes the correc-
tion entity that is applied to the measurements supplied by the
lambda sensor 5 of the “UEGO” type as a function of the
value of the compensation resistance.

Two Nernst cells VS, IP are integrated in the lambda sensor
5 of the “UEGO” type: Nernst cell VS is arranged between the
exhaust gases and a reference cell and is electrically con-
nected between pins VS+, VS/IP- whereas Nernst cell IP is
arranged between the exhaust gases and the outside environ-
ment and is electrically connected between pins [P+, VS/IP-.

FIG. 2 diagrammatically shows a diagnosis circuit 7 that is
integrated in the control unit 6 to diagnose the lambda sensor
5 of the “UEGO” type to search for the presence of a short
circuit to a battery, the presence of a short circuit to ground,
and the presence of an open (interrupted) circuit. The diag-
nosis circuit 7 includes four reading devices 8 each of which
is permanently connected to a corresponding pin VS+,
VS/IP-, IP+, RCOMP of the lambda sensor 5 of the “UEGO”
type and is suited to read the voltage present in the pin VS+,
VS/IP-, IP+, RCOMP. The diagnosis circuit 7 includes a
“cold test” section 9 that, as described in detail below, applies
the appropriate polarizations to pins VS+, VS/IP-, 1P+,
RCOMP of the lambda sensor 5 of the “UEGO” type when
the lambda sensor 5 of the “UEGO” type is cold (i.e., has an
inner temperature that is lower than 150-250° C.). The diag-
nosis circuit 7 includes a “hot test” section 10 that, as
described in detail below, applies the appropriate polariza-
tions to pin VS+, VS/IP of the lambda sensor 5 of the “UEGO”
type when the lambda sensor 5 of the “UEGO” type is hot
(i.e., has an inner temperature that is higher than 600-700°
C).

The “cold test” section 9 of the diagnosis circuit 7 includes
aswitch SWCHS (in practice, consisting of a transistor and of
a decoupling diode integrated in the control unit 6) for each
pin VS+, VS/IP-, IP+, RCOMP of the lambda sensor 5 of the
“UEGO” type, which switch is suited to connect pin VS+,
VS/IP-, IP+, RCOMP to the internal supply voltage Vcc
(typically having a value of +5 volts) through a limiting
resistance RHS (having a value of 10 kohms, for example).
Furthermore, the “hot test” section 9 of the diagnosis circuit 7
includes a switch SWCLS (in practice, consisting of a tran-
sistor and of a decoupling diode integrated in the control unit
6) for each pin VS+, VS/IP-, I[P+, RCOMP of the lambda
sensor 5 of the “UEGO” type, which switch is suited to
connect pin VS+, VS/IP-, I[P+, RCOMPto the electric ground
GND through a limiting resistance RHS (having a value of 10
kohms, for example).

The “hot test” section 10 of the diagnosis circuit 7 includes
aswitch SWHHS (in practice, consisting of a transistor and of
a decoupling diode integrated in the control unit 6) for pin
VS/IP- of the lambda sensor 5 of the “UEGO” type, which
switch is suited to connect pin VS/IP- to the supply power
Vec through a limiting resistance RHS (having a value of 10
kohms, for example). Furthermore, the “hot test” section 10
of'the diagnosis circuit 7 includes a switch SWHLS (in prac-
tice, consisting of a transistor and of a decoupling diode
integrated in the control unit 6) for pin VS/IP- of the lambda
sensor 5 of the “UEGO” type, which switch is suited to
connect pin VS/IP- to the electric ground GND through a
limiting resistance RLS (having a value of 10 kohms, for
example).

The hot diagnosis of the lambda sensor 5 of the “UEGO”
type (which is performed by using the “hot test” section 10 of
the diagnosis circuit 7) allows to determine whether one of the
pins VS+, VS/IP-, I[P+, RCOMP ofthe lambda sensor 5 of the
“UEGO” type is short circuited to the supply voltage Vcc or
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to the electric ground GND and allows to determine both
whether one of the pins VS+, VS/IP-, IP+. RCOMP of the
lambda sensor 5 of the “UEGO” type is disconnected (i.e., an
open circuit is present) and which pin VS+, VS/IP-, [P+,
RCOMP of the lambda sensor 5 of the “UEGO” type is
possibly disconnected.

The hot diagnosis of the lambda sensor 5 of the “UEGO”
type requires that the lambda sensor 5 of the “UEGO” type
itself to be hot (i.e., have an inner temperature that is higher
than 600-700° C.). For this purpose, a heater 11 of the lambda
sensor 5 of the “UEGO” type [connected to the control unit 6
by two additional pins (not shown) of the lambda sensor 5 of
the “UEGO” type] is controlled in an open-loop manner (i.e.,
without monitoring the temperature) by a duty-cycle that
generates an electric power determined by a thermal model of
the lambda sensor 5 of the “UEGO” type to take the inner
temperature of the lambda sensor 5 of the “UEGO” type to
exceed a temperature of approximately 600-700° C. When
the inner temperature of the lambda sensor 5 of the “UEGO”
type exceeds 600-700° C., pins VS+, VS/IP-, [P+, RCOMP
are electrically connected to one another by internal resis-
tances having a low value [of the order of a few tens of ohms
(i.e., much lower than the polarization resistances RHS,
RLS)]. Thus, if a given polarization voltage is applied to one
of the pins VS+, VS/IP-, IP+, RCOMP in the absence of
faults, the polarization voltage itself is transmitted substan-
tially unchanged to the other pin VS+, VS/IP—, IP+, RCOMP.

As shown in FIG. 3, the first part of the hot diagnosis of the
lambda sensor 5 of the UEGO includes applying no type of
polarization to pins VS+, VS/IP-, IP+, RCOMP keeping both
switches SWHHS, SWHLS open. The voltages of the pins
VS+, VS/IP-, IP+, RCOMP are measured by the reading
devices 8 in a measuring instant tm. In the absence of faults,
all pins VS-+, VS/IP-, [P+, RCOMP have a voltage close to
zero (i.e., the voltage of electric ground GND), and, thus, the
presence of a short circuit to a battery is diagnosed (without,
however, being able to identify which pin VS+, VS/IP-, 1P+,
RCOMP is short circuited to a battery) if the pins VS+,
VS/1P-, 1P+, RCOMP have a voltage significantly different
from zero (i.e., the voltage of electric ground GND). In other
words, the presence of a short circuit to a battery is diagnosed
if the voltage of at least one pin VS+, VS/IP-, [P+, RCOMP
is higher than a predetermined threshold. The first part of the
hot diagnosis of the lambda sensor 5 of the “UEGO” type
does not subject the lambda sensor 5 of the “UEGO” type to
any type of electric/thermal stress neither in the absence of
faults nor in case of faults because no type of polarization is
applied to pins VS+, VS/IP-, [P+, RCOMP.

The second part of the hot diagnosis of the lambda sensor
5 of the “UEGO” type is performed only if the result of first
part of the hot diagnosis of the lambda sensor 5 of the
“UEGO” type is negative (i.e., no presence of a short circuit
to a battery was detected).

As shown in FIG. 4, the second part of the hot diagnosis of
the lambda sensor 5 of the “UEGO” type includes connecting
pin VS/IP- to supply voltage Vecc by closing the switch
SWHHS (and obviously leaving the switch SWHLS open) for
atime interval T1 (of'the order of 8-16 msec). The voltages of
the pins VS+, VS/IP—, I[P+, RCOMP are measured in a mea-
suring instant tm by the reading devices 8 (the measuring
instant tm is set towards the end of the time interval T1 to
allow the transient phenomena to end). In the absence of
faults, all pins VS+, VS/IP-, [P+, RCOMP have a voltage
substantially equal to supply voltage Vce. Thus, if at least one
of'pins VS+, VS/IP-, [P+, RCOMP has a voltage close to zero
(i.e., to the voltage of the electric ground GND), the presence
of a short circuit to ground is diagnosed (without, however,
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being able to identify which pin VS+, VS/IP-, 1P+, RCOMP
is short circuited to ground). In other words, the presence of a
short circuit to ground is diagnosed if the voltage of at least
one pin VS+, VS/IP-, IP+, RCOMP is lower than a predeter-
mined threshold.

Having excluded the presence of a short circuit to a battery
by the first part of the hot diagnosis of the lambda sensor 5 of
the “UEGO” type, in the absence of faults the second part of
the hot diagnosis of the lambda sensor 5 of the “UEGO” type
does not subject the lambda sensor 5 of the “UEGO” type to
any type of electric/thermal stress. During the second part of
the hot diagnosis of the lambda sensor 5 of the “UEGO” type,
the presence of a short circuit to ground, and in the worst case,
the maximum current that may cross the lambda sensor 5 of
the “UEGO” type is equal to the supply voltage Vec split by
the limiting resistance RHS [i.e., of 0.45 mA (=4.5 V/10
kohms)|. A current (maximum) of 0.45 mA for the time
interval T1 (of the order of 8-16 msec) is not a dangerous
strain for the lambda sensor 5 of the “UEGO” type (i.e.,
cannot produce any destructive effects in the lambda sensor 5
of the “UEGO” type).

The third part of the hot diagnosis of the lambda sensor 5 of
the “UEGO” type is performed only if the result of second
part of the hot diagnosis of the lambda sensor 5 of the
“UEGO” type is negative [i.e., no presence of a short circuit
to ground was detected (the presence of a short circuit to a
battery was already excluded at the end of the first part of the
hot diagnosis of the lambda sensor 5 of the “UEGO” type)].

As shown in FIG. 5, the third part of the hot diagnosis of the
lambda sensor 5 of the “UEGO” type includes connecting pin
VS/IP- to the supply voltage Vce closing switch SWHHS
(and obviously leaving switch SWHLS open) for a time inter-
val T2 (of the order of 0.5-2 sec) and in these conditions the
voltage of the pins VS+, VS/IP-, I[P+, RCOMP is measured
by the reading devices 8 in a measuring instant tm (the mea-
suring instant tm is set towards the end of the time interval T2
to allow the transient phenomena to end). Subsequently, and
as shown in FIG. 5, the third part of the hot diagnosis of the
lambda sensor 5 of the “UEGO” type includes connecting pin
VS/IP- to the electric ground GND closing switch SWHLS
(and obviously leaving switch SWHHS open) for a time
interval T2 (of the order of 0.5-2 sec) and in these conditions
the voltage of the pins VS+, VS/IP-, IP+, RCOMP is mea-
sured in a measuring instant tm by the reading devices 8 (the
measuring instant tm is set towards the end of the time interval
T2 to allow the transient phenomena to end).

A voltage difference AV is calculated for each pin VS+,
VS/IP-, IP+, RCOMP that is equal to the difference between
the voltage measured when pin VS/IP- was connected to the
supply voltage Vec through switch SWHHS and the voltage
measured when pin VS/IP- was connected to the electric
ground GND through switch SWHLS. In the absence of
faults, the voltage difference AV is high (i.e., significantly
different from zero and of the order of size of the supply
voltage Vcce) for all pins VS+, VS/IP-, I[P+, RCOMP, and,
thus, disconnection of pin VS/IP is diagnosed (i.e., an open
circuit is present at pin VS/IP-) if the voltage difference AV
is high only for pin VS/IP-, and if the voltage difference AV
is high for pin VS/IP- and for the other pins VS+, [P+,
RCOMP except for one, then a disconnection of the pin in
which the voltage difference AV is not high is diagnosed. In
other words, the absence of open circuits is diagnosed if the
voltage differences AV of all pins VS+, VS/IP-, [P+, RCOMP
are higher than a predetermined threshold, a disconnection of
pin VS/IP is diagnosed (i.e., an open circuit is present at pin
VS/IP-) if the voltage difference AV of only pin VS/IP- is
higher than the predetermined threshold, and finally a discon-
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nection of the pin that has the voltage difference AV lower
than the predetermined threshold is diagnosed if the voltage
difference AV of only one pin VS+, [P+, RCOMP is lower
than the predetermined threshold.

Having excluded the presence of a short circuit to a battery
and of a short circuit to ground by the first part and second part
of the hot diagnosis of the lambda sensor 5 of the “UEGO”
type, the third part of the hot diagnosis of the lambda sensor
5 of the “UEGO” type does not subject the lambda sensor 5 of
the “UEGO” type to any type of electric/thermal stress either
in case of absence of faults or in the presence of an open
circuit.

The cold diagnosis of the lambda sensor 5 of the “UEGO”
type is performed after performing the hot diagnosis
described above and only if the hot diagnosis has detected the
presence of a short circuit to the supply voltage Vec or to the
electric ground GND and has the function of determining in
which of the pins VS+, VS/IP-, [P+, RCOMP of the lambda
sensor 5 of the “UEGO” type is the short circuit present.

Once the presence of a short circuit has been determined,
the cold diagnosis of the lambda sensor 5 of the “UEGO” type
(which is performed using the cold circuit section 9 of the
diagnosis circuit 7) allows to determine which of the pins
VS+, VS/IP-, IP-, RCOMP of the lambda sensor 5 of the
“UEGO” type short circuited to the supply voltage Vcc or to
the electric ground GND. The cold diagnosis of the lambda
sensor 5 of the “UEGO” type requires the lambda sensor 5 of
the “UEGO” type itself to be cold (i.e., to have an inner
temperature that is lower than 150-250° C.). For this purpose,
at the end of the hot diagnosis, the heater 11 of the lambda
sensor 5 of the “UEGO” type is fully turned off and a suffi-
ciently low time interval is waited to allow the natural cooling
of'the lambda sensor 5 of the “UEGO” type (possibly, it could
be chosen to wait for the internal-combustion engine 2 to be
turned off to run the cold diagnosis when the inner tempera-
ture of the lambda sensor 5 of the “UEGO” type is substan-
tially equal to ambient temperature).

When the inner temperature of the lambda sensor 5 of the
“UEGO” type is lower than a threshold temperature (indica-
tively of 150-250° C., pins VS+, VS/IP-, [P+, RCOMP are
electrically connected to one another by high value internal
resistances [of the order of a few tens of ohms (i.e., much
lower than the value of the polarization resistances RHS and
RLS)], and, thus, if a given polarization voltage is applied to
one of the pins VS+, VS/IP-, IP+, RCOMP in the absence of
faults, the polarization voltage itself is substantially not trans-
mitted to the other pins VS+, VS/IP-, I[P+, RCOMP.

Starting from the result of the previously performed hot
diagnosis of the lambda sensor 5 of the “UEGO” type, if the
cold diagnosis is performed a short circuit to the supply
voltage Vece or to the electric ground GND is necessarily
present.

As shown in FIG. 6, the first part of the cold diagnosis of the
lambda sensor 5 of the “UEGO” type includes not applying
any type of polarization to pins VS+, VS/IP-, I[P+, RCOMP
maintaining both switches SWHHS, SWHLS open. The volt-
ages of pins VS+, VS/IP-, IP+, RCOMP are measured by the
reading devices 8 in a measuring instant tm. If all pins VS+,
VS/1P-, 1P+, RCOMP have a voltage close to zero (i.e., the
voltage of the electric ground GND) then the presence of a
short circuit to electric ground GND) is diagnosed, while if at
least one pin VS+, VS/IP-, [P+, RCOMP has a voltage sig-
nificantly different from zero (i.e., the voltage of the electric
ground GND) then the presence of a short circuit to a battery
is diagnosed. In other words, the presence of a short circuit to
a battery is diagnosed if the voltage of at least one pin VS+,
VS/1P-, IP+, RCOMP is higher than a predetermined thresh-
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old, otherwise the presence of a short circuit to electric
ground GND is diagnosed if the voltage of all pins VS+,
VS/IP-, 1P+, RCOMP is lower than the predetermined
threshold.

The first part of the cold diagnosis of the lambda sensor 5
of'the “UEGO” type does not subject the lambda sensor 5 of
the “UEGO” type to any type of electric/thermal stress
because no type of polarization is applied to pins VS+,
VS/1P-, IP+, RCOMP.

The first part of the cold diagnosis of the lambda sensor 5
of'the “UEGO” type (which is identical to the first part of the
hot diagnosis of the lambda sensor 5 of the “UEGO” type)
may not be performed, because the hot diagnosis of the
lambda sensor 5 of the “UEGO” type already provides infor-
mation on the type of short circuit present (i.e., if a short
circuit to the electric ground GND or a short circuit to a
battery is present). In all cases, it is worth performing the first
part of the cold diagnosis of the lambda sensor 5 of the
“UEGO” type for the sake of caution (i.e., for additional,
although redundant confirmation).

If and only if the first part of the cold diagnosis of the
lambda sensor 5 of the “UEGO” type has determined the
presence of a short circuit to the electric ground GND, then
the second part of the cold diagnosis of the lambda sensor 5 of
the “UEGO” type is performed to determine which pin VS+,
VS/IP-, [P+, RCOMP is short circuited to electric ground
GND. Instead, if and only if the first part of the cold diagnosis
of the lambda sensor 5 of the “UEGO” type has determined
the presence of a short circuit to a battery, then the third part
of'the cold diagnosis of the lambda sensor 5 of the “UEGO”
type is performed to determine which pin VS+, VS/IP-, 1P+,
RCOMP is short circuited to a battery. Thus, the second and
third part of the cold diagnosis of the lambda sensor 5 of the
“UEGO” type are always mutually alternative.

As shown in FIG. 7, the second part of the cold diagnosis of
the lambda sensor 5 of the “UEGO” type includes connecting
all pins VS+, VS/IP—, IP+, RCOMP to supply voltage Vce by
closing the switches SWCHS (and obviously leaving all the
switches SWCLS open) for a time interval T3 (of the order of
3-10 msec). The voltages of the pins VS+, VS/IP-, [P+,
RCOMP are measured in a measuring instant tm by the read-
ing devices 8 (the measuring instant tm is set towards the end
of the time interval T3 to allow the transient phenomena to
end). Pins VS+, VS/IP-, IP-, RCOMP free from short circuit
to the electric ground will have a voltage substantially equal
to the supply voltage Vcc, while pin VS+, VS/IP-, 1P+,
RCOMP in which the electric ground GND is present will
have a voltage close to zero (i.e., to the voltage of the electric
ground GND). In other words, presence of a short circuit to
the electric ground GND is diagnosed in the pin VS+, VS/IP-,
1P+, RCOMP in which the voltage is lower than a predeter-
mined threshold.

During the second part of the cold diagnosis of the lambda
sensor 5 of the “UEGO” type, and in the worst case, the
maximum current that may cross the lambda sensor 5 of the
“UEGO” type is equal to the supply voltage Vcc split by the
limiting resistance RHS [i.e., 0f 0.45 mA (=4.5 V/10 kohms)].
A current (maximum) of 0.45 mA for the time interval T1 (of
the order of 3-10 msec) is not a dangerous strain for the
lambda sensor 5 of the “UEGO” type (i.e., cannot produce
any destructive effects in the lambda sensor 5 of the “UEGO”
type).

As shown in FIG. 8, the third part of the cold diagnosis of
the lambda sensor 5 of the “UEGO” type includes connecting
all pins VS+, VS/IP-, IP-, RCOMP to the electric ground
GND closing all the switches SWCLS (and obviously leaving
all the switches SWCHS open) for a time interval T3 (of the
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order of 3-10 msec). The voltages of the pins VS+, VS/IP-,
1P+, RCOMP are measured in a measuring instant tm by the
reading devices 8 (the measuring instant tm is set towards the
end of the time interval T3 to allow the transient phenomena
to end). Pins VS+, VS/IP-, [P+, RCOMP free from short
circuit to a battery will have a voltage close to zero (i.e., the
voltage of the electric ground GND), while pin VS+, VS/IP-,
1P+, RCOMP in which the electric ground GND is present
will have a voltage substantially equal to the supply voltage
Vee. In other words, presence of a short circuit to a battery is
diagnosed in the pin VS+, VS/IP-, [P+, RCOMP in which the
voltage is higher than a predetermined threshold.

During the third part of the cold diagnosis of the lambda
sensor 5 of the “UEGO” type, and in the worst case, the
maximum current that may cross the lambda sensor 5 of the
“UEGO” type is equal to the supply voltage Vcc split by the
limiting resistance RHS [i.e., 0 0.45 mA (=4.5V/10kohms)].
A (maximum) current of 0.45 mA for the time interval T3 (of
the order of 3-10 msec) is not a dangerous strain for the
lambda sensor 5 of the “UEGO” type (i.e., cannot produce
any destructive effects in the lambda sensor 5 of the “UEGO”
type).

It is worth noting that the value of the limiting resistances
RHS and RLS is not random and is chosen as a function of the
internal resistances between pins VS+, VS/IP-, [P+, RCOMP
of the lambda sensor 5 of the “UEGO” type when the inner
temperature of the lambda sensor 5 of the “UEGO” type is
high (i.e., higher than 600-700° C.) and when the inner tem-
perature of the lambda sensor 5 of the “UEGO” type is low
(i.e., lower than 150-250° C.). Indeed, the limiting resistances
RHS and RLS must be considerably larger (at least one order
of size) than the internal resistances between the pins VS+,
VS/IP-, IP+, RCOMP of the lambda sensor 5 of the “UEGO”
type when the inner temperature of the lambda sensor 5 of the
“UEGO” type is high (i.e., higher than 600-700° C.), and at
the same time the limiting resistances RHS and RLS must be
considerably smaller (at least one order of size) than the
internal resistances between the pin VS+, VS/IP-, [P+,
RCOMP of the lambda sensor 5 of the “UEGO” type when
the inner temperature of the lambda sensor 5 of the “UEGO”
type is low (i.e., lower than 150-250° C.). Indeed, only in this
manner the presence of the resistances RHS and RLS will not
negatively influence the diagnosis of the lambda sensor 5 of
the “UEGO” type.

The above-described diagnosis method has many advan-
tages. Firstly, the above-described diagnosis method allows
to effectively and positively discriminate which type of fault
is present and, above all, on which of the pins VS+, VS/IP-,
1P+, RCOMP of the lambda sensor 5 of the “UEGO” type the
fault occurred. In particular, the above-described diagnosis
method allows to positively identify without errors possible
faults present because the differences between the voltage
measured by the measuring devices 8 and the corresponding
comparison thresholds are always high and, therefore, always
certain.

Furthermore, the above-described diagnosis method limits
the injected current and the injection time in pins VS+,
VS/1P-, IP+, RCOMP, avoiding the production of destructive
effects in the lambda sensor 5 of the “UEGO” type.

Finally, the above-described diagnosis method is simple
and cost-effective to be implemented as it requires neither
high calculation/memory power nor particularly complex or
non-standard hardware equipped with precision components.

The invention has been described above in an illustrative
manner. It is to be understood that the terminology that has
been used above is intended to be in the nature of words of
description rather than of limitation. Many modifications and
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variations of the invention are possible in light of the above
teachings. Therefore, within the scope of the appended
claims, the invention may be practiced other than as specifi-
cally described above.

What is claimed is:

1. A diagnosis method for performing a diagnosis of a
lambda sensor of a Universal Exhaust Gas Oxygen (UEGO)
type of an exhaust system for an internal-combustion engine,

5

wherein the lambda sensor includes a series of pins (VS+, 10

VS/1P-, IP+, RCOMP) and the diagnosis method comprises
steps of:
heating the lambda sensor to cause the lambda sensor to
reach an inner temperature that is higher than about 600°
C.;

polarizing a first one of the pins (VS/IP-) by connecting the
first pin (VS/IP-) to a supply voltage (Vec) through a
first limiting resistance (RLS);

measuring a voltage of all of the pins (VS+, VS/IP-, 1P+,

RCOMP) while the first pin (VS/IP-) is connected to the
supply voltage (Vcec); and

diagnosing a presence of a short circuit to an electrical

ground (GND) if the voltage of at least one of the pins
(VS+, VS/IP-, IP+, RCOMP) is lower than a predeter-
mined threshold;

wherein the diagnosis method comprises further, after the

diagnosis of the presence of the short circuit to the elec-
trical ground (GND) is ended, steps of:

polarizing the first pin (VS/IP-) only by connecting the

first pin (VS/IP-) to the supply voltage (Vce) through
the first limiting resistance (RLS);

measuring the voltage of all of the pins (VS+, VS/IP—-, 1P+,

RCOMP) while the first pin (VS/IP-) is connected to the
supply voltage (Vcc); polarizing the first pin (VS/IP-)
only by connecting the first pin (VS/IP-) to the electrical
ground (GND) through a second limiting resistance
(RLS); measuring the voltage of all of the pins (VS+,
VS/1P-, IP+, RCOMP) while the first pin (VS/IP-) is
connected to the electrical ground (GND);

calculating, for each of pine (VS+, VS/IP-, I[P+, RCOMP),

avoltage difference (AV), which is equal to a difference
between the voltage measured when the first pin (VS/
IP-) was connected to the supply voltage (Vcc) and the
voltage measured when the first pin (VS/IP-) was con-
nected to the electrical ground (GND); and

diagnosing the presence of an open circuit if the voltage

difference (AV) of at least one of the pins (VS+, VS/IP-,
1P+, RCOMP) is lower than a predetermined threshold.

2. The diagnosis method according to claim 1, wherein the
first pin (VS/IP-) is polarized by being connected to the
supply voltage (Vcc) for a first time interval (T1) ranging
from about 8 to about 16 msec.

3. The diagnosis method according to claim 1, wherein the
diagnosis method comprises further, after the heating of the
lambda sensor and before the polarization of the first pin
(VS/IP), steps of:

polarizing none of the pins (VS+, VS/IP-, IP+, RCOMP)

by keeping all of the pins (VS+, VS/IP-, IP+, RCOMP)
insulated from the electrical ground (GND) and supply
voltage (Vcc);
measuring the voltage of the pins (VS+, VS/IP-, 1P+,
RCOMP) while none of the pins (VS+, VS/IP-, 1P+,
RCOMP) is polarized; and

diagnosing the presence of a short circuit to the supply
voltage (Vcee) if the voltage of at least one of the pins
(VS+, VS/IP-, IP, RCOMP) is higher than a predeter-
mined threshold.
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4. The diagnosis method according to claim 3, wherein the
first pin (VS/IP-) is polarized by connecting the first pin
(VS/IP-) to the supply voltage (Vcc) only if the presence of a
short circuit to the supply voltage (Vcc) has not been previ-
ously diagnosed.

5. The diagnosis method according to claim 1, wherein the
diagnosis method comprises further steps of:

diagnosing the presence of an open circuit in the first pin

(VS/IP-) if the voltage difference (6V) of all of the other
pins (VS+, IP+, RCOMP) is lower than the predeter-
mined threshold; and
diagnosing the presence of an open circuit in other of the
pins (VS+, I[P+, RCOMP) if the voltage difference (6V)
of'the first pin (VS/IP-) is higher than the predetermined
threshold and the voltage difference (6V) of one of the
other pins (VS+, IP+, RCOMP) is lower than the prede-
termined threshold.
6. The diagnosis method according to claim 1, wherein the
first pin (VS/IP-) is polarized by being connected to the
supply voltage (Vcc) and, subsequently, electrical ground
(GND) for a second time interval (T2) ranging from about 0.5
to about 2 sec.
7. The diagnosis method according to claim 1, wherein the
first pin (VS/IP-) is polarized by connecting the first pin
(VS/IP-) to the supply voltage (Vec) and electrical ground
(GND) only if the presence of a short circuit to the electrical
ground (GND) has not been previously diagnosed.
8. The diagnosis method according to claim 1, wherein the
step of heating the lambda sensor involves controlling a
heater of the lambda sensor in a substantially open-loop man-
ner with an electric power that is determined by a thermal
mode] of the lambda sensor.
9. The diagnosis method according to claim 1, wherein the
diagnosis method comprises further, only if the presence of a
short circuit to the electrical ground (GND) has been previ-
ously diagnosed, steps of:
letting the lambda sensor cool down as to cause the lambda
sensor to reach an inner temperature that is lower than
about 250° C.;

polarizing all of the pins (VS+, VS/IP-, [P+, RCOMP) by
connecting all of the pins (VS+, VS/IP-, [P+, RCOMP)
to the supply voltage (Vce) through corresponding third
limiting resistances (RHS);
measuring the voltage of all of the pins (VS+, VS/IP-, P+,
RCOMP) while all of the pins (VS+, VS/IP-, 1P+,
RCOMP) are connected to the supply voltage (Vcc); and

diagnosing the presence of a short circuit to the electrical
ground (GND) in the pin (VS+, VS/IP-, [P+, RCOMP)
in which the voltage is lower than a predetermined
threshold.
10. The diagnosis method according to claim 1, wherein
the diagnosis method comprises further, only if the presence
of a short circuit to the supply voltage (Vcc) has been previ-
ously diagnosed, steps of:
letting the lambda sensor cool down, to cause the lambda
sensor to reach an inner temperature that is lower than
about 250° C.;

polarizing all of the pins (VS+, VS/IP-, [P+, RCOMP) by
connecting all of the pins (VS+, VS/IP-, [P+, RCOMP)
to the electrical ground (GND) through corresponding
fourth limiting resistances (RLS);

measuring the voltage of all of the pins (VS+, VS/IP-, P+,

RCOMP) while all of the pins (VS+, VS/IP-, 1P+,
RCOMP) are connected to the electrical ground (GND);
and
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diagnosing the presence of a short circuit to the supply
voltage (Vce) in the pin (VS+, VS/IP-, I[P+, RCOMP) in
which the voltage is higher than a predetermined thresh-
old.

11. The diagnosis method according to claim 9, wherein
the pins (VS+, VS/IP-, IP+, RCOMP) are polarized by being
connected to either of the supply voltage (Vcc) and electrical
ground (GND) for a third time interval (T3) ranging from
about 8 to about 30 msec.

12. The diagnosis method according to claim 9, wherein
the diagnosis method comprises further, after the cooling
down of the lambda sensor and before the polarization of all
of the pins (VS+, VS/IP-, IP+, RCOMP), steps of:

polarizing none of the pins (VS+, VS/IP-, IP+, RCOMP)
by keeping all of the pins (VS+, VS/IP-, IP+, RCOMP)
insulated from the electrical ground (GND) and supply
voltage (Vce); measuring the voltage of the pins (VS+,
VS/1P-, 1P+, RCOMP) while none of the pins (VS+,
VS/1P-, I[P+, RCOMP) is polarized;

diagnosing the presence of a short circuit to the supply
voltage (Vcee) if the voltage of at least one of the pins
(VS+, VS/IP-, IP+, RCOMP) is higher than a predeter-
mined threshold; and

diagnosing the presence of a short circuit to the electrical
ground (GND) if the voltage of all of the pins (VS+,
VS/IP-, IP+, RCOMP) is lower than the predetermined
threshold.

13. A control unit (6) for performing a diagnosis of a
lambda sensor of Universal Exhaust Gas Oxygen (UEGO)
type of an exhaust system for an internal-combustion engine,
wherein the lambda sensor includes a series of pins (VS+,
VS/1P-, IP+, RCOMP) and the control unit (6) comprises:

a first switch (SWHHS) that connects a first pin (VS/IP) to

a supply voltage (Vce) through a first limiting resistance
(RHS);

a second switch (SWHLS) that connects the first pin (VS/
IP) to an electrical ground (GND) through a second
limiting resistance (RHS);

aseries of third switches (SWCHS) each of which connects
each of the pins (VS+, VS/IP-, [P+, RCOMP) to the
supply voltage (Vce) through a third limiting resistance
(RHS);

a series of fourth switches (SWCHS) each of which con-
nects each of the pins (VS+, VS/IP-, IP+, RCOMP) to
the electrical ground (GND) through a fourth limiting
resistance (RHS); and

aseries of reading devices (8) each of which is permanently
connected to a corresponding one of the pins (VS+,
VS/IP-, IP++RCOMP) and reads the voltage present in
the pin (VS+, VS/IP-, IP+RCOMP).

14. A diagnosis method for performing a diagnosis of a
lambda sensor of a Universal Exhaust Gas Oxygen type of an
exhaust system for an internal-combustion engine, wherein
the lambda sensor includes a series of pins (VS+, VS/IP-,
1P+, RCOMP) and the diagnosis method comprises steps of:

heating the lambda sensor to cause the lambda sensor to
reach an inner temperature that is higher than about 600°
C.;

polarizing a first one of the pins (VS/IP-) by connecting the
first pin (VS/IP-) to a supply voltage (Vec) through a
first limiting resistance (RLS);

measuring a voltage of all of the pins (VS+, VS/IP-, 1P+,
RCOMP) while the first pin (VS/IP-) is connected to the
supply voltage (Vcec); and
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diagnosing a presence of a short circuit to an electrical
ground (GND) if the voltage of at least one of the pins
(VS+, VS/IP-, IP+, RCOMP) is lower than a predeter-
mined threshold;
wherein the diagnosis method comprises further, only if
the presence of a short circuit to the electrical ground
(GND) has been previously diagnosed, steps of:

letting the lambda sensor cool down as to cause the lambda
sensor to reach an inner temperature that is lower than
about 250° C.;

polarizing all of the pins (VS+, VS/IP-, [P+, RCOMP) by
connecting all of the pins (VS+, VS/IP-, [P+, RCOMP)
to the supply voltage (Vce) through corresponding third
limiting resistances (RHS);
measuring the voltage of all of the pins (VS+, VS/IP-, P+,
RCOMP) while all of the pins (VS+, VS/IP-, 1P+,
RCOMP) are connected to the supply voltage (Vcc); and

diagnosing the presence of a short circuit to the electrical
ground (GND) in the pin (VS+, VS/IP-, [P+, RCOMP)
in which the voltage is lower than a predetermined
threshold.
15. The diagnosis method according to claim 14, wherein
the pins (VS+, VS/IP—, IP+, RCOMP) are polarized by being
connected to either of the supply voltage (Vce) and electrical
ground (GND) for a third time interval (T3) ranging from
about 8 to about 30 msec.
16. The diagnosis method according to claim 14, wherein
the diagnosis method comprises further, after the cooling
down of the lambda sensor and before the polarization of all
of'the pins (VS+, VS/IP-, IP+, RCOMP), steps of:
polarizing none of the pins (VS+, VS/IP-, I[P+, RCOMP)
by keeping all of the pins (VS+, VS/IP-, IP+, RCOMP)
insulated from the electrical ground (GND) and supply
voltage (Vcc); measuring the voltage of the pins (VS+,
VS/IP-, 1P+, RCOMP) while none of the pins (VS+,
VS/IP-, I[P+, RCOMP) is polarized;

diagnosing the presence of a short circuit to the supply
voltage (Vcee) if the voltage of at least one of the pins
(VS+, VS/IP-, IP+, RCOMP) is higher than a predeter-
mined threshold; and

diagnosing the presence of a short circuit to the electrical

ground (GND) if the voltage of all of the pins (VS+,
VS/IP-, IP+, RCOMP) is lower than the predetermined
threshold.
17. A diagnosis method for performing a diagnosis of a
lambda sensor of a Universal Exhaust Gas Oxygen type of an
exhaust system for an internal-combustion engine, wherein
the lambda sensor includes a series of pins (VS+, VS/IP-,
1P+, RCOMP) and the diagnosis method comprises steps of:
heating the lambda sensor to cause the lambda sensor to
reach an inner temperature that is higher than about 600°
C.;

polarizing a first one of the pins (VS/IP-) by connecting the
first pin (VS/IP-) to a supply voltage (Vec) through a
first limiting resistance (RLS);

measuring a voltage of all of the pins (VS+, VS/IP-, 1P+,

RCOMP) while the first pin (VS/IP-) is connected to the
supply voltage (Vec); and

diagnosing a presence of a short circuit to an electrical

ground (GND) if the voltage of at least one of the pins
(VS+, VS/IP-, IP+, RCOMP) is lower than a predeter-
mined threshold;

wherein the diagnosis method comprises further, only if

the presence of'a short circuit to the supply voltage (Vee)
has been previously diagnosed, steps of:
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letting the lambda sensor cool down, to cause the lambda
sensor to reach an inner temperature that is lower than
about 250° C.;

polarizing all of the pins (VS+, VS/IP-, IP+, RCOMP) by
connecting all of the pins (VS+, VS/IP-, [P+, RCOMP)
to the electrical ground (GND) through corresponding
fourth limiting resistances (RLS);

measuring the voltage of all of the pins (VS+, VS/IP—-, 1P+,

RCOMP) while all of the pins (VS+, VS/IP-, 1P+,
RCOMP) are connected to the electrical ground (GND);
and

diagnosing the presence of a short circuit to the supply

voltage (Vce) in the pin (VS+, VS/IP-, I[P+, RCOMP) in
which the voltage is higher than a predetermined thresh-
old.

18. The diagnosis method according to claim 17, wherein
the pins (VS+, VS/IP-, IP+, RCOMP) are polarized by being
connected to either of the supply voltage (Vcc) and electrical
ground (GND) for a third time interval (T3) ranging from
about 8 to about 30 msec.
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19. The diagnosis method according to claim 17, wherein
the diagnosis method comprises further, after the cooling
down of the lambda sensor and before the polarization of all
of'the pins (VS+, VS/IP-, IP+, RCOMP), steps of:
polarizing none of the pins (VS+, VS/IP-, I[P+, RCOMP)
by keeping all of the pins (VS+, VS/IP-, IP+, RCOMP)
insulated from the electrical ground (GND) and supply
voltage (Vcc); measuring the voltage of the pins (VS+,
VS/IP-, 1P+, RCOMP) while none of the pins (VS+,
VS/IP-, I[P+, RCOMP) is polarized;

diagnosing the presence of a short circuit to the supply
voltage (Vcee) if the voltage of at least one of the pins
(VS+, VS/IP-, IP+, RCOMP) is higher than a predeter-
mined threshold; and

diagnosing the presence of a short circuit to the electrical

ground (GND) if the voltage of all of the pins (VS+,
VS/IP-, IP+, RCOMP) is lower than the predetermined
threshold.



